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[0001] This application claims the benefit of Korean Patent Applications No. 2002- 
671 19, filed on October 31, 2002, which is hereby incorporated by reference for all purposes as 
if fully set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to liquid crystal display (LCD) devices, and more 
particularly to an LCD device incorporating a cholesteric liquid crystal color filter (CCF) layer. 
Discussion of the Related Art 

[0003] Due to their light weight, thin profile, and low power consumption 
characteristics, LCD devices are currently being developed as next generation display devices. 
Generally, LCD devices are non-emissive type display devices capable of displaying images by 
exploiting anisotropic optical refiractive index difference properties of liquid crystal material 
interposed between a thin film transistor (TFT) array substrate and a color filter (C/F) substrate. 
Among the various types of commonly used LCD devices, active matrix LCD (AM-LCD) 
devices are capable of displaying images at high resolution and are excellent at displaying 
moving images. 

[0004] Since LCD devices are non-emissive, one type of LCD device, the transmissive 
LCD device, displays images using light emitted from an external Hght source (e.g., a backlight 
unit). The efficiency with which transmissive LCD devices transmit the light emitted from 
backlight units, however, is relatively low. For example, only about 7% of the light emitted 
firom backlight units is actually transmitted by transmissive LCD devices. Therefore, backlight 
units of transmissive LCD must emit light at a relatively high intensity (brightness). 
Consequently, backlight units account for a relatively large percentage of all power consumed 
by transmissive LCD devices. Further, large capacity batteries must typically be used to supply 
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a sufficient amount of power to the backlight unit. However, even when large capacity 
batteries are used, the operating times of transmissive LCD devices become limited. 

[0005] To solve the aforementioned problems related to transmissive LCD devices, 
reflective LCD devices have been developed that do not require backlight units but, rather, use 
ambient light as a light source. A first type of reflective LCD device includes absorption type 
color filter layers and a reflective layer. A second type of reflective LCD device includes 
cholesteric liquid crystal color filter (CCF) layer for selectively reflecting and transmitting light. 
Accordingly, the CCF layer in the second type of reflective LCD device fiinctions both as a 
color filter layer and as a reflective layer and enables the second type of reflective LCD device 
to display images having high color purity. Moreover, since a separate reflective layer is not 
necessary, processes used to fabricate the second type of reflective LCD devices are simplified 
compared to the first type of reflective LCD device. 

[0006] Liquid crystal molecules within liquid crystal material exhibiting a nematic 
liquid crystal phase are regularly aligned along one direction. CCF layers are formed firom 
multiple layers of cholesteric liquid crystal (CLC) material exhibiting the nematic liquid crystal 
phase wherein a rotation of liquid crystal molecules, and therefore reflectance characteristics, 
between the multiple layers of CLC material is different. The difference in reflectance 
characteristics allow colors to be selectively displayed by reflection and interference of the 
light. The rotation of liquid crystal molecules within CLC material generates a helical structure 
that may be defined by a direction of the molecular rotation and a pitch (e.g., the distance 
between liquid crystal molecules having the same alignment, measured along the axis of 
rotation) of liquid crystal molecules within the CLC material. The pitch of the CLC material is 
variable and determines the wavelength of light the CLC material reflects. The central 
wavelength of light reflected by the CLC material, \, can be expressed as the product of the 
pitch, p, of the CLC material and the average refi-active index, navg, of the CLC material (i.e., Xc 
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= Havg * p). For example, if a pitch, p, of the CLC material is about 430mn and an average 
refractive index of the CLC material is about 1.5, the central wavelength of the reflected light is 
about 650nm and corresponds to the color red. CLC material capable of reflecting green and 
blue light can similarly be provided by forming CLC material to have the corresponding pitch. 

[0007] Figure 1 illustrates a cross-sectional view of a related art reflective liquid crystal 
display device incorporating a cholesteric liquid crystal color filter layer. 

[0008] Referring to Figure 1, first substrate 10 includes an inner surface that faces and 
is spaced apart from an inner surface of a second substrate 50. A light absorption layer 12 is 
formed on the inner surface of the first substrate 10 and a cholesteric liquid crystal color filter 
(CCF) layer 14 is formed on the light absorption layer 12 for selectively reflecting light having 
predetermined wavelength range. The light absorption layer 12 absorbs light of all 
wavelengths except for the light selectively reflected by the CCF layer 14. A first transparent 
electrode 16 is formed on the CCF layer 14 and a first orientation film 18 is formed on the first 
transparent electrode 16. An array element layer 52 is formed on the inner surface of the 
second substrate 50 and a second transparent electrode 54 is formed on the array element layer 
52. A second orientation film 56 is formed on the second transparent electrode 54. A layer of 
liquid crystal material 70 is interposed between the first and second orientation films 18 and 56. 
A retardation film 60 is formed on an outer surface of the second substrate 50 and a polarizing 
plate 62 is formed on the retardation film 60. 

[0009] Generally, a broadband quarter wave plate (QWP) having a retardation value of 
X/4 or 3X/4 is used as the retardation film 60 and changes a polarization state of light. For 
example, the broadband QWP converts circularly polarized light into linearly polarized light, 
and vice- versa. 

[0010] Although not shown in Figure 1, the array element layer 52 generally includes a 
plurality of gate lines, a plurality of data lines crossing the plurality of gate lines, and thin film 
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transistors connected to respective ones of the gate and data lines at crossings of the gate and 
data lines. Pixel regions are defined by crossings of the gate and data lines. 

[0011] Figure 2 A schematically illustrates optical driving principles of a related art 
reflective LCD device incorporating a CCF layer in the absence of a voltage applied to a layer 
of liquid crystal material. Figure 2B schematically illustrates optical driving principles of a 
related art reflective LCD device incorporating a CCF layer in the presence of a voltage applied 
to a layer of liquid crystal material. 

[0012] For convenience of illustration, the related art reflective LCD device shown in 
Figures 2 A and 2B functions in a normally black mode (i.e., a black image is displayed in the 
absence of an applied voltage). Further, for convenience of illustration, only a red sub pixel 
region is shown in Figures 2A and 2B. 

[0013] Referring to Figures 2 A and 2B, the polarizing plate 62 is provided as a linear 
polarizer having a polarization axis of 0° and the retardation film 60 is provided as a broadband 
quarter wave plate (QWP) capable of altering the phase of incident light by + 45° and the phase 
of reflected light by - 45°. In the absence of an applied voltage, the layer of liquid crystal 
material 70 has a first retardation value of X/2 and, in the presence of an applied voltage, the 
layer of liquid crystal material 70 has a second retardation value of 0. The layer of liquid 
crystal material 70, first orientation film 18, and second orientation film 56 (from Figure 1) 
constitute a parallel cell and rubbing directions of the first and second orientation films 1 8 and 
56 cross each other at an angle of 180°. The CCF layer 14 selectively reflects only left-handed 
circularly polarized light having a wavelength corresponding to the color red. 

[0014] Referring now to Figure 2 A, non-polarized ambient light incident to the 
polarizing plate 62 becomes linearly polarized light in correspondence with the polarization 
axis of the polarizing plate 62. Thus, linearly polarized light having a polarizing angle of 0° is 
transmitted by the polarizing plate 62 and is subsequently converted into left-handed circularly 
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polarized light by the retardation film 60. Since the layer of liquid crystal material 70 has the 
first retardation value of V2 in the absence of an applied voltage (i.e., V=0; off state), the left- 
handed circularly polarized light transmitted by the retardation film is converted into right- 
handed circularly polarized light by the layer of liquid crystal material 70. Further, since the 
CCF layer 14 selectively reflects only left-handed circularly polarized light having a 
wavelength range corresponding to the color red, the right-handed circularly polarized light is 
transmitted by the CCF layer 14 and is absorbed by the light absorption layer 12. Accordingly, 
the reflective LCD device is maintained in a black state. 

[0015] Referring now to Figure 2B, non-polarized ambient light incident to the 
polarizing plate 62 becomes linearly polarized light in correspondence with the polarization 
axis of the polarizing plate 62. Thus, linearly polarized light having a polarizing angle of 0°, 
transmitted by the polarizing plate 62, is subsequently converted into left-handed circularly 
polarized Ught by the retardation film 60. Since the layer of liquid crystal material 70 has the 
second retardation value of 0 in the presence of the applied voltage of (i.e., V=Vo, wherein Vo is 
the tum-on voltage of the layer of liquid crystal material 70), the left-handed circularly 
polarized light transmitted by the retardation film is not converted by the layer of liquid crystal 
material 70. Further, since the CCF layer 14 selectively reflects only left-handed circularly 
polarized light having a wavelength range corresponding to the color red, red left-handed 
circularly polarized light transmitted by the layer of liquid crystal material 70 is reflected by the 
CCF layer 14. The reflected red left-handed circularly polarized light is then transmitted by the 
layer of liquid crystal material 70 and is subsequently converted into red linearly polarized light 
having a polarizing angle of 0° by the retardation film 60. As the red linearly polarized light 
transmitted by the retardation film 60 has the polarizing angle of 0"", the red linearly polarized 
light is transmitted by the polarizing plate 62 having the polarizing angle of 0°. The optical 
driving principles described above with respect to red light are similarly applicable to 
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wavelength ranges of light corresponding to green and blue colors. Accordingly, the related art 
reflective LCD device maintains a white state by combining the reflected red, green, and blue 
Hght. 

[0016] The related art reflective LCD device shown in Figures 1, 2 A and 2B can also be 
fabricated as a transmissive LCD device incorporating the CCF layer. Accordingly, CCF layers 
capable of selectively reflecting wavelength ranges of light corresponding to green and blue 
colors are formed within the red sub pixel region such that only red light is transmitted by the 
CCF layers. 

[0017] Figure 3 illustrates a cross-sectional view of a related art transmissive LCD 
device incorporating a CCF layer. 

[0018] Referring to Figure 3, first substrate 110 includes an inner surface that faces and 
is spaced apart from an inner surface of a second substrate 150. A cholesteric liquid crystal 
color filter (CCF) layer 112, including first and second sub-CCF layers 112a and 112b, 
respectively, is formed on the inner surface of the first substrate 110. A first transparent 
electrode 1 14 is formed on the CCF layer 112 and a first orientation film 1 16 is formed on the 
first transparent electrode 114. A first polarizing plate 120 is formed on an outer surface of the 
first substrate 110. An array element layer 152 is formed on an inner surface of the second 
substrate 150 and a second transparent electrode 154 is formed on the array element layer 152. 
A second orientation film 156 is formed on the second transparent electrode 154. A retardation 
film 160 is formed on an outer surface of the second substrate 150 and a second polarizing 
plate 162 is formed on the retardation film 160. The first polarizing plate 120 is formed of a 
cholesteric liquid crystal (CLC) material that selectively reflects left-handed or right-handed 
circularly polarized light of all wavelengths (e.g., light of all colors). The CCF layer 112 
selectively reflects left-handed or right-handed circularly polarized light within a predetermined 
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wavelength range (i.e., light of a predetermined color). Accordingly, the first polarizing plate 
120 and the CCF layer 1 12 are typically made of different materials. 

[0019] A layer of liquid crystal material 170 is interposed between the first and second 
orientation films 116 and 156. The layer of liquid crystal material 170, first orientation film 
116, and second orientation film 156 constitute a parallel cell an rubbing directions of the first 
and second orientation films 116 and 156 cross each other at an angle of 180°. A backlight unit 
180 is disposed beneath the first polarizing plate 120. 

[0020] Although not shown in Figure 3, the array element layer 152 generally includes 
a plurality of gate lines, a plurality of data lines crossing the gate lines, and thin film transistors 
connected to respective ones of the gate and data lines at crossings of the gate and data lines. 
Pixel regions are defined by crossings of the gate and data lines. 

[0021] Figure 4A schematically illustrates optical driving principles of a related art 
transmissive LCD device incorporating a CCF layer in the absence of a voltage appHed to a 
layer of liquid crystal material. Figure 4B schematically illustrates optical driving principles 
of a related art transmissive LCD device incorporating a CCF layer in the presence of a voltage 
applied to a layer of liquid crystal material. 

[0022] For convenience of illustration, the related art transmissive LCD device of 
Figures 4A and 4B functions in a normally black mode (i.e., a black image is displayed in the 
absence of an applied voltage). Further, for convenience of illustration, only a red sub pixel 
region is shown in Figures 4A and 4B. 

[0023] Referring to Figures 4A and 4B, the first polarizing plate 120 is formed of 
cholesteric liquid crystal (CLC) material that selectively reflects only right-handed circularly 
polarized light of all wavelengths (e.g., all colors). The second polarizing plate 162 is provided 
as a linear polarizer having a polarization axis of 0°. The retardation film 160 is provided as a 
broadband quarter wave plate (QWP) capable of altering the phase of incident light by + 45° 
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and the phase of reflected light by - 45°. The cholesteric liquid crystal color filter (CCF) layer 
112 includes first and second sub-CCF layers 112a and 112b that selectively reflect left-handed 
circularly polarized light having wavelengths within predetermined ranges corresponding to 
green and blue colors, respectively. In the absence of an applied voltage, the layer of liquid 
crystal material 170 has a first retardation value of X/2 and, in the presence of an applied 
voltage, the layer of liquid crystal material 170 has a second retardation value of 0. 

[0024] Referring now to Figure 4A, of the non-polarized light emitted by the backlight 
unit 180 and incident to the first polarizing plate 120, right-handed circularly polarized light of 
all wavelengths is selectively reflected and only left-handed circularly polarized light of all 
wavelengths is transmitted by the first polarizing plate 120. The CCF layer 112, including the 
first and second sub CCF layers 112a and 112b, then selectively reflects only the incident left- 
handed circularly polarized light having wavelength ranges corresponding to green and blue 
colors. Accordingly, only left-handed circularly polarized light having a wavelength range 
corresponding to the color red is transmitted by the CCF layer 112. Since the layer of liquid 
crystal material 170 has the first retardation value of V2 in the absence of an applied voltage 
(i.e., V=0; off state), the left-handed circularly polarized light transmitted by the CCF layer 112 
is converted into right-handed circularly polarized by the layer of liquid crystal material 170. 
The right-handed circularly polarized light is then converted into linearly polarized light having 
a polarizing angle of 90° via the retardation film 160. Since the second polarizing plate 162 is 
a linear polarizer having a polarization axis of 0°, the linearly polarized light having a 
polarizing angle of 90° does not pass through the second polarizing plate 162. Accordingly, the 
transmissive LCD device is maintained in a black state. 

[0025] Referring now to Figure 4B, of the non-polarized light emitted by the backlight 
unit 1 80 and incident to the first polarizing plate 1 20, right-handed circularly polarized light of 
all wavelengths is selectively reflected and only left-handed circularly polarized light of all 
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wavelengths is transmitted by the first polarizing plate 120. The CCF layer 112, including the 
first and second sub CCF layers 11 2a and 1 12b, then selectively reflects only the incident left- 
handed circularly polarized light having wavelength ranges corresponding to green and blue 
colors. Accordingly, only left-handed circularly polarized light having a wavelength range 
corresponding to the color red is transmitted by the CCF layer 112. Since the layer of liquid 
crystal material 170 has the second retardation value of 0 in the presence of the applied voltage 
(i.e., V=Vo; on state), the left-handed circularly polarized light transmitted by the CCF layer 
1 12 is also transmitted by the layer of liquid crystal material 170. The left-handed circularly 
polarized light is then converted into linearly polarized light having a polarizing angle of 0° via 
the retardation film 160. Since the second polarizing plate 162 is a linear polarizer having a 
polarization axis of 0°, the linearly polarized light having a polarizing angle of 0° is transmitted 
by the second polarizing plate 162. The optical driving principles described above with respect 
to red light are similarly applicable to wavelengths of light corresponding to green and blue 
colors. Accordingly, the related art transmissive LCD device maintains a white state by 
combining the transmitted red, green, and blue light. 

[0026] As mentioned above, the related art LCD devices incorporating the CCF layer 
use retardation films formed fi"om a broadband QWP to display images. The broadband QWP 
compensates phase differences for broadband wavelengths light (e.g., light of having 
wavelength ranges corresponding to red, green, and blue colors). Related art broadband QWPs 
generally are constructed of a multi-layer system including a conventional QWP and a half 
wave plate (HWP). Accordingly, relatively large fabrication costs are associated with 
broadband QWPs and the reliability of LCD devices including a broadband QWP becomes 
reduced due to shrinkage and distortion problems inherent to broadband QWPs. 
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SUMMARY OF THE INVENTION 

[0027] Accordingly, the present invention is directed to a liquid crystal display device 
that substantially obviates one or more of problems due to limitations and disadvantages of the 
related art. 

[0028] An advantage of the present invention provides a liquid crystal display device 
incorporating a cholesteric liquid crystal color filter (CCF) layer that does not incorporate a 
retardation film. 

[0029] Another advantage of the present invention provides a liquid crystal display 
device incorporating a CCF layer that is fabricated with a low fabrication cost and a high 
production yield. 

[0030] Yet another advantage of the present invention provides transmissive and 
reflective liquid crystal display devices incorporating CCF layers that do not include retardation 
films. 

[0031] Additional features and advantages of the invention will be set forth in the 
description that follows, and in part will be apparent from the description, or may be learned by 
practice of the invention. Other advantages of the invention will be realized and attained by the 
structure particularly pointed out in the written description and claims hereof as well as the 
appended drawings. 

[0032] To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described, a liquid crystal display device may, for 
example, include first and second substrates each having inner surfaces facing and spaced apart 
from each other; a light absorption layer arranged on the inner surface of the first substrate; a 
cholesteric liquid crystal color filter (CCF) layer arranged on the light absorption layer, wherein 
the CCF layer selectively reflects light corresponding to a wavelength range of one of red, 
green, and blue light; a first transparent electrode arranged on the CCF layer; a first orientation 
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film arranged on the first transparent electrode; a second transparent electrode arranged on the 
inner surface of the second substrate; a second orientation film arranged on the second 
transparent electrode, wherein the first and second orientation films are rubbed along the same 
direction; a polarizing plate may be arranged on an outer surface of the second substrate; and a 
layer of liquid crystal material arranged between the first and second orientation films, wherein 
the layer of liquid crystal material has a bend structure. 

[0033] In another aspect of the present invention, a liquid crystal display device may, 
for example, include first and second substrates each having inner surfaces facing and spaced 
apart fi-om each other; a first polarizing plate arranged on an outer surface of the first substrate; 
a cholesteric liquid crystal color filter (CCF) layer arranged on the inner surface of the first 
substrate, the CCF layer for selectively transmitting light corresponding to wavelengths of one 
of red, green, and blue light; a first transparent electrode arranged on the CCF layer; a first 
orientation film arranged on the first transparent electrode; a second transparent electrode 
arranged on the inner surface of the second substrate; a second orientation film arranged on the 
second transparent electrode, wherein the first and second orientation films are rubbed along 
one direction; a second polarizing plate arranged on an outer surface of the second substrate; a 
layer of liquid crystal material arranged between the first and second orientation films, wherein 
the layer of liquid crystal material has a bend structure; and a backlight unit arranged beneath 
the first polarizing plate. 

[0034] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRJPTIQN OF THE DRAWINGS 
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[0035] The accompanying drawings, which are included herewith to provide a further 
understanding of the invention and are incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and together with the description serve to explain the 
principle of the invention. 

[0036] In the drawings: 

[0037] Figure 1 illustrates a cross-sectional view of a related art reflective liquid crystal 
display device incorporating a cholesteric liquid crystal color filter (CCF) layer; 

[0038] Figure 2 A schematically illustrates optical driving principles of a related art 
reflective LCD device incorporating a CCF layer in the absence of a voltage applied to a layer 
of liquid crystal material; 

[0039] Figure 2B schematically illustrates optical driving principles of a related art 
reflective LCD device incorporating a CCF layer in the presence of a voltage applied to a layer 
of liquid crystal material; 

[0040] Figure 3 illustrates a cross-sectional view of a related art transmissive LCD 
device incorporating a CCF layer; 

[0041] Figure 4A schematically illustrates optical driving principles of a related art 
transmissive LCD device incorporating a CCF layer in the absence of a voltage applied to a 
layer of liquid crystal material; 

[0042] Figure 4B schematically illustrates optical driving principles of a related art 
transmissive LCD device incorporating a CCF layer in the presence of a voltage applied to a 
layer of liquid crystal material; 

[0043] Figure 5 illustrates an optically compensated birefringence mode liquid crystal 
display device according to the principles of the present invention; 

[0044] Figure 6 illustrates a cross-sectional view of a reflective liquid crystal display 
device incorporating a CCF layer in accordance with a first aspect of the present invention; 
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[0045] Figure 7 illustrates a cross-sectional view of an array element layer within one 
sub-pixel region of a reflective liquid crystal display device incorporating a CCF layer in 
accordance with the first aspect of the present invention; 

[0046] Figure 8A schematically illustrates optical driving principles of a reflective 
liquid crystal display device shown in Figure 6 in the presence of a minimum voltage applied to 
a layer of liquid crystal material; 

[0047] Figure 8B schematically illustrates optical driving principles of a reflective 
liquid crystal display device shown in Figure 6 in the presence of a maximum voltage applied 
to a layer of liquid crystal material; 

[0048] Figure 9 illustrates a cross-sectional view of a transmissive liquid crystal display 
device incorporating a CCF layer in accordance with a second aspect of the present invention; 

[0049] Figure 1 OA schematically illustrates optical driving principles of a transmissive 
liquid crystal display device shown in Figure 9 in the presence of a minimum voltage applied to 
a layer of liquid crystal material; and 

[0050] Figure lOB schematically illustrates optical driving principles of a transmissive 
liquid crystal display device shown in Figure 9 in the presence of a maximum voltage applied 
to a layer of liquid crystal material. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

[0051] Reference will now be made in detail to the illustrated embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, similar reference numbers will be used throughout the drawings to refer to the same or 
like parts. 

[0052] Liquid crystal display (LCD) devices manipulate electro-optical characteristics 

of a layer of liquid crystal material to display images. Accordingly, voltages applied to the 
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layer of liquid crystal material may be adjusted to control light transmittance characteristics of 
the layer of liquid crystal material. LCD devices may generally be classified into three types: 
current-effect type; electric field-effect type; and heat-effect type LCD devices. 

[0053] Electric field-effect type LCD devices operate in one of a twisted nematic (TN) 
mode, a guest-host (GH) mode, an electrically controlled birefringence (ECB) mode, and a 
phase change mode. Within ECB mode LCD devices, a uniformly oriented layer of liquid 
crystal material is interposed between orthogonally aligned polarizers. Light transmittance 
characteristics of the layer of liquid crystal material may be altered according to a birefringence 
effect induced by applied voltages. Of the types ECB mode LCD devices, a substantially 
symmetric bend structure may be induced within liquid crystal (LC) molecules of optically 
compensated birefringence (OCB) mode LCD devices, wherein an angle defined between the 
long axis of LC molecules present midway between opposing substrates of an OCB mode LCD 
device and the long axis of LC molecules adjacent the substrates is substantially 90°, and 
wherein the angle between the long axes gradually decreases moving away from the midpoint, 
toward the substrates. Due to the substantially symmetric bend structure, OCB mode LCD 
devices generally have low response times. 

[0054] Figure 5 illustrates an OCB mode LCD device according to the principles of the 
present invention. 

[0055] Referring to Figure 5, first and second substrates 130 and 140, respectively, each 
include inner surfaces facing and spaced apart firom each other. A layer of liquid crystal 
material 134 may be interposed between the first and second substrates 130 and 140. First and 
second polarizing plates 136 and 138, respectively, may be formed on outer surfaces of the first 
and second substrates 130 and 140, respectively. A first orientation film (not shown) may be 
formed between the inner surface of the first substrate 130 and the layer of liquid crystal 
material 134 while a second orientation film (not shown) may be formed between the inner 
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surface of the second substrate 140 and the layer of Hquid crystal material 134. In one aspect 
of the present invention, the alignment direction of the first and second orientation films may 
be substantially the same. In another aspect of the present invention, the first and second 
orientation films may be rubbed along the same direction. According to the principles of the 
present invention, the layer of liquid crystal material 134, the first orientation film, and the 
second orientation films constitute a bend cell having the aforementioned bend structure in the 
presence of an applied voltage greater than a threshold voltage of the layer of liquid crystal 
material 134. 

[0056] In the presence of the applied voltage, liquid crystal molecules within the layer 
of liquid crystal material 134 may quickly rotate. In one aspect of the present invention, the 
time required to realign the liquid crystal molecules (i.e., response time) may be less than about 
5 milliseconds. Accordingly, the OCB mode LCD device of the present invention may be 
provided with a response time sufficient to substantially eliminate residual images and 
therefore capable of displaying moving images. In another aspect of the present invention, 
while the OCB mode LCD device may have an adequate response time, a viewing angle may 
be relatively narrow. Thus, the viewing angle may be widened using a compensating film (not 
shown) provided as a biaxial film having a simpler stmcture than a retardation film and be 
fabricated according to a simpler process than that required to fabricate a retardation film. 
Further, the material cost of the compensating film may be substantially less than that of the 
retardation film. In one aspect of the present invention, the compensating film may be 
interposed between the outer surface of the second substrate 140 and the second polarizing 
plate 138. Accordingly, retardation films such as those incorporated within the aforementioned 
related art LCD devices are not required by the LCD device of the present invention. 

[0057] According to the principles of the present invention, the layer of liquid crystal 
material 134 may be driven between a minimum voltage and a maximum voltage. In one 
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aspect of the present invention, the maximum voUage may be greater than a threshold voltage 
of the layer of liquid crystal material. In one aspect of the present invention, the minimum 
voltage may be substantially equal to the threshold voltage of the layer of liquid crystal 
material required to induce the aforementioned bend structure. In another aspect of the present 
invention, the layer of liquid crystal material 134 may have a first retardation value of 3X/4 in 
the presence of the applied minimxmi voltage and a second retardation value of X/4 in the 
presence of the applied maximum voltage. 

[0058] Figure 6 illustrates a cross-sectional view of a reflective liquid crystal display 
device incorporating a CCF layer in accordance with a first aspect of the present invention. 

[0059] Referring to Figure 6, first and second substrates 210 and 250, respectively, may 
each include inner surfaces facing and spaced apart fi-om each other. A light absorption layer 
212 may be formed on the inner surface of the first substrate 210 and a cholesteric liquid 
crystal color filter (CCF) layer 214 may be formed on the light absorption layer 212. The light 
absorption layer 212 may be formed of a black resin. The CCF layer 214 may selectively 
reflect light having a predetermined wavelength range. The light absorption layer 212 may 
absorb light of all wavelengths except for the light selectively reflected by the CCF layer 214. 
A first transparent electrode 216 may be formed on the CCF layer 214 and a first orientation 
film 218 may be formed on the first transparent electrode 216. An array element layer 252 may 
be formed on the inner surface of the second substrate 250 and a second transparent electrode 
270 may be formed on the array element layer 252. A second orientation film 272 may be 
formed on the second transparent electrode 270. A compensating layer 280 may be formed on 
an outer surface of the second substrate 250 and a polarizing plate 282 may be formed on the 
compensating film 280. A layer of liquid crystal material 290 may be interposed between the 
first and second orientation films 218 and 272. 
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[0060] According to the principles of the present invention, the alignment direction of 
the first and second orientation films 218 and 272 may be substantially the same. Li one aspect 
of the present invention, the first and second orientation films 218 and 272 may be rubbed 
along the same direction. The layer of liquid crystal material 290, the first orientation film 218, 
and the second orientation film 272 may constitute a bend cell having the aforementioned bend 
structure in the presence of an applied voltage that is greater than a threshold voltage of the 
layer of liquid crystal material 290. In another aspect of the present invention, the layer of 
liquid crystal material 290 may have a first retardation value of 3V4 in the presence of the 
applied minimum voltage and a second retardation value of X/4 in the presence of the applied 
maximum voltage. In one aspect of the present invention, the maximum voltage may be 
greater than a threshold voltage of the layer of liquid crystal material. In one aspect of the 
present invention, the minimum voltage may be substantially equal to the threshold voltage of 
the layer of liquid crystal material to induce the aforementioned bend structure. 

[0061] The compensating layer 280 of the present invention differs from the retardation 
film 60 shown in Figure 1 because the compensating layer 280 may be provided as a biaxial 
film having a simpler structure than the retardation film 60 shown in Figure 1 and be fabricated 
according to a simpler process than that required to fabricate the retardation film 60. Further, 
the material cost of the compensating film may be substantially less than that of the retardation 
film. Accordingly, the compensating film may widen the viewing angle and improve the 
display quality of the LCD device shown in Figure 6 whereas the retardation film 60 of Figure 
1 is provided as a broadband QWP that compensates a phase difference of incident light. 
Accordingly, retardation films such as those incorporated within the aforementioned related art 
LCD devices are not required by the LCD device of the present invention. In one aspect of the 
present invention, the compensating layer 280 may be omitted by adjusting a parameter of the 
bend cell structure. 
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[0062] Figure 7 illustrates a cross-sectional view of an array element layer within one 
sub-pixel region of a reflective liquid crystal display device incorporating a CCF layer in 
accordance with the principles of the present invention. 

[0063] Referring to Figure 7, first and second substrates 210 and 250, respectively, each 
include inner surfaces facing and spaced apart from each other. A light absorption layer 212, a 
CCF layer 214, a first transparent electrode 216, and a first orientation film 218 are sequentially 
formed on the inner surface of the first substrate 210. A gate electrode 254 may be formed on 
the inner surface of the second substrate 250 followed by the formation of a gate insulating 
layer 256 on the gate electrode 254. Next, a semiconductor layer 258 may be formed over the 
gate insulating layer 256 and the gate electrode 254 followed by the formation of source and 
drain electrodes 260 and 262, respectively, on the semiconductor layer 258. In one aspect of 
the present invention, the source and drain electrodes 260 and 262 may be spaced apart from 
each other by a predetermined distance. A passivation layer 266 may next be formed over the 
source and drain electrodes 260 and 262. Further, a drain contact hole 264 may be formed 
within the passivation layer 266 to expose the drain electrode 262. A second transparent 
electrode 270 may subsequently be formed over the passivation layer 266 and be electrically 
connected to the drain electrode 262 via the drain contact hole 264. Next, a second orientation 
film 272 may be formed over the second transparent electrode 270. Taken together, the gate 
electrode 254, the semiconductor layer 258, the source electrode 260, and drain electrode 262 
constitute a thin film transistor (TFT) 'T." 

[0064] Although not shown in Figure 7, a gate line and a data line, crossing the gate 
line, may be formed over the inner surface of the second substrate 250 to be connected to the 
gate electrode 254 and source electrode 260, respectively. Taken together, the gate and data 
lines and the TFT "T" constitute the array element layer 252. Upon applying a voltage to the 
first and second transparent electrodes 216 and 270, the layer of liquid crystal material 290 may 
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be driven, wherein the first transparent electrode 216 acts as a common electrode and the 
second transparent electrode 270 acts as a pixel electrode. 

[0065] Figure 8 A schematically illustrates optical driving principles of a reflective 
liquid crystal display device incorporating a CCF layer in the presence of a minimum voltage 
applied to a layer of liquid crystal material, and Figure 8B schematically illustrates optical 
driving principles of a reflective liquid crystal display device incorporating a CCF layer in the 
presence of a maximum voltage applied to a layer of liquid crystal material. 

[0066] For convenience of illustration, the reflective LCD device shown in Figures 8 A 
and 8B may function in a normally black mode (i.e., a black image may be displayed in the 
presence of an applied minimum voltage). Further, for convenience of illustration, only a red 
sub-pixel region is shown in Figures 8A and 8B. It will be readily appreciated, however, that 
the optical driving principles described below may be similarly applied, for example, to green 
and blue sub-pixel regions as well. 

[0067] Referring to Figures 8A and 8B, the polarizing plate 282 may be provided as a 
linear polarizer having a polarization axis of about 0°. The compensating layer 280 may be 
provided as a biaxial film for widening a viewing angle and improving a display quality of the 
reflective LCD device incorporating the cholesteric liquid crystal color filter (CCF) layer 214. 
The CCF layer 214 may selectively reflect only left-handed circularly polarized light having a 
wavelength range corresponding to the color red. The layer of liquid crystal material 290 may 
be provided to exhibit a bend structure in the presence of an applied voltage greater than a 
threshold voltage. In one aspect of the present invention, the layer of liquid crystal material 
290 may be driven between a minimum voltage and a maximum voltage. In one aspect of the 
present invention, the maximum voltage may be greater than a threshold voltage of the layer of 
liquid crystal material. In one aspect of the present invention, the minimum voltage may be 
substantially equal to the threshold voltage of the layer of liquid crystal material required to 

20 



PATENT 
8733.830.00 

induce the aforementioned bend structure. In another aspect of the present invention, the layer 
of Hquid crystal material 290 may have a first retardation value of 3X/4 in the presence of the 
applied minimum voltage and a second retardation value of X/4 in the presence of the applied 
maximum voltage. The layer of liquid crystal material 290, the first orientation film 218, and 
the second orientation film 272 may constitute a bend cell having the aforementioned bend 
structure in the presence of an applied voltage greater than a threshold voltage of the layer of 
liquid crystal material 290. hi one aspect of the present invention, the alignment direction of 
the first and second orientation films 218 and 272 may be substantially the same. In another 
aspect of the present invention, the first and second orientation films 218 and 272 may be 
rubbed along the same direction. 

[0068] Referring now to Figure 8A, non-polarized ambient light incident to the 
polarizing plate 282, may become linearly polarized light in correspondence with the 
polarization axis of the polarizing plate 282. Thus, linearly polarized light having a polarizing 
angle of about 0^ may be transmitted by the polarizing plate 282 become incident to the layer 
of liquid crystal material 290. Since the layer of liquid crystal material 290 has the first 
retardation value of 3>s/4 in the presence of the applied minimum voltage (i.e., V= Vminl the 
threshold voltage), the linearly polarized light having the polarizing angle of about 0*^ may be 
converted into right-handed circularly polarized light by the layer of liquid crystal material 290. 
Further, since the CCF layer 214 selectively reflects only left-handed circularly polarized light 
having a wavelength range corresponding to the color red, the right-handed circularly polarized 
light transmitted by the layer of liquid crystal material 290 may also be transmitted by the CCF 
layer 214 and be absorbed by a light absorption layer 212. Accordingly, the reflective LCD 
device may be maintained in a black state. 

[0069] Referring now to Figure 8B, non-polarized ambient light incident to the 
polarizing plate 282 may become linearly polarized light in correspondence with the 
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polarization axis of the polarizing plate 282. Thus, lineariy polarized light having a polarizing 
angle of about 0° may be transmitted by the polarizing plate 282 and become incident to the 
layer of liquid crystal material 290. Since the layer of liquid crystal material 290 has the 
second retardation value of X/4 in the presence of the applied maximum vohage (i.e., V=Vmax ), 
the linearly polarized light having the polarizing angle of about 0"" may be converted into left- 
handed circularly polarized light by the layer of liquid crystal material 290. Further, since the 
CCF layer 214 may reflect only left-handed circularly polarized light having a wavelength 
range corresponding to the color red, only the red left-handed circularly polarized light 
transmitted by the layer of liquid crystal material 290 may be reflected by the CCF layer 214. 
The reflected left-handed circularly polarized light having the wavelength corresponding to the 
color red may then be re-transmitted by the layer of liquid crystal material 290 where it may 
subsequently be converted into red linearly polarized light having a polarizing angle of about 0°. 
Since the red linearly polarized Ught having the polarizing angle of about 0° substantially 
corresponds with the polarization axis of the polarizing plate 282, the red linearly polarized 
light having the polarizing angle of about 0° may be transmitted by the polarizing plate 282. 
The optical driving principles described above with respect to red light are similarly applied to 
green and blue light. Accordingly, the reflective LCD device of the present invention may 
maintain a white state by combining the reflected red, green, and blue light. 

[0070] In one aspect of the present invention, the aforementioned minimum voltage 
may be between about 0.1 V and about 1.5 V. In another aspect of the present invention, the 
maximum voltage may be between about 4.0 V and about 5.0 V. In yet another aspect of the 
present invention, the minimum and maximum voltages that may be applied to the layer of 
liquid crystal material 290 may vary according to specific parameters of the layer of liquid 
crystal material 290. 
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[0071] According to the principles of the present invention, the response time and 
viewing angle characteristics of the reflective LCD device shown in Figure 6 may be improved 
compared to the aforementioned related art reflective LCD device shown in Figure 1 . Further, 
use of retardation films such as a broadband quarter wave plates (QWP) may be replaced using 
a layer of liquid crystal material having retardation values of 3X/4 and X/4. 

[0072] Figure 9 illustrates a cross-sectional view of a transmissive liquid crystal display 
device incorporating a CCF layer in accordance with a second aspect of the present invention. 

[0073] Referring to Figure 9, first and second substrates 310 and 350, respectively, each 
may include inner surfaces facing and spaced apart fi'om each other. A cholesteric liquid crystal 
color filter (CCF) layer 312 including first and second sub CCF layers 312a and 312b, 
respectively, may be formed on the inner surface of the first substrate 310. A first transparent 
electrode 314 may be formed on the CCF layer 312 and a first orientation film 316 may be 
formed on the first transparent electrode 314. A first polarizing plate 320 may be formed on an 
outer surface of the first substrate 310. An array element layer 352 may be formed on the inner 
surface of the second substrate 350 and a second transparent electrode 354 may be formed on 
the array element layer 352. A second orientation film 356 may be formed on the second 
transparent electrode 354. A compensating layer 360 may be formed on an outer surface of the 
second substrate 350 and a second polarizing plate 362 may be formed on the compensating 
layer 360. A backlight unit 380 may be disposed beneath the first polarizing plate 320. A layer 
of liquid crystal material 390 may be interposed between the first and second orientation films 
316 and 356. 

[00741 As similarly described above with respect to Figures 5 and 6, the layer of liquid 
crystal material 390, the first orientation film 316, and the second orientation film 356 may 
constitute a bend cell having a bend structure in the presence of an applied voltage greater than 
a threshold voltage of the layer of liquid crystal material 390. Further, the compensating layer 
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360 of the present invention differs from the retardation film 60 shown in Figure 1 because the 
compensating layer 360 may be provided as a biaxial film having a simpler structure than the 
retardation film 60 shown in Figure 1 and be fabricated according to a simpler process than that 
required to fabricate the retardation film 60. Further, the material cost of the compensating film 
may be substantially less than that of the retardation film. Accordingly, the compensating film 
may widen the viewing angle and improve the display quality of the LCD device shown in 
Figure 9 whereas the retardation film 60 of Figure 1 is provided as a broadband QWP that 
compensates a phase difference of incident light. Accordingly, retardation films such as those 
incorporated within the aforementioned related art LCD devices are not required by the LCD 
device of the present invention. In one aspect of the present invention, the compensating layer 
360 may be omitted by adjusting a parameter of the bend cell structure. 

[0075] According to the second aspect of the present invention, the first polarizing plate 
320 may be formed of a cholesteric liquid crystal (CLC) material capable of selectively 
reflecting only lefl-handed or right-handed circularly polarized light of all wavelengths. The 
CCF layer 312 may be provided as a material capable of selectively reflecting only lefl-handed 
or right-handed circularly polarized light having a predetermined wavelength range (i.e., color). 
According to the principles of the present invention, the first sub-CCF layer 312a may 
selectively reflect only lefl-handed or right-handed circularly polarized light having a 
wavelength range corresponding to one of red, green, and blue colors while the second sub- 
CCF layer 312b may selectively reflect only left-handed or right-handed circularly polarized 
light having a wavelength range corresponding to a different one of the red, green, and blue 
colors. For example, within a red sub-pixel region, the first sub-CCF layer 312a may 
selectively reflect only lefl-handed circularly polarized light having a wavelength 
corresponding the color green while the second sub-CCF layer 312b may selectively reflect 
only left-handed circularly polarized light having a wavelength corresponding to the color blue. 
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Therefore, within the red sub-pixel region, only left-handed circularly polarized light having a 
wavelength corresponding to the color red may be transmitted by the CCF layer 312. 

[0076] According to the principles of the present invention, the layer of liquid crystal 
material 390 may be driven between a minimum voltage and a maximum voltage. In one 
aspect of the present invention, the maximum voltage may be greater than a threshold voltage 
of the layer of liquid crystal material. In one aspect of the present invention, the minimum 
voltage may be substantially equal to the threshold voltage of the layer of liquid crystal 
material required to induce the aforementioned bend structure. In another aspect of the present 
invention, the layer of liquid crystal material 390 may have a first retardation value of 3V4 in 
the presence of the applied minimum voltage and a second retardation value of V4 in the 
presence of the applied maximum voltage. Accordingly, retardation films such as those 
incorporated within the aforementioned related art LCD devices are not required by the LCD 
device of the present invention. 

[0077] Figure lOA schematically illustrates optical driving principles of a transmissive 
liquid crystal display device incorporating a CCF layer in the presence of a minimum voltage 
applied to a layer of liquid crystal material, and Figure lOB schematically illustrates optical 
driving principles of a transmissive liquid crystal display device incorporating a CCF layer in 
the presence of a maximum voltage applied to a layer of liquid crystal material. 

[0078] For convenience of illustration, the transmissive LCD device shown in Figures 
lOA and lOB may function in a normally black mode (i.e., a black image may be displayed in 
the presence of an applied minimum voltage). Further, for convenience of illustration, only a 
red sub-pixel region is shovra in Figures lOA and lOB. It will be readily appreciated, however, 
that the optical driving principles described below may be similarly applied, for example, to 
green and blue sub-pixel regions as well. 
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[0079] Referring to lOA and lOB, the first polarizing plate 320 may be provided as a 
cholesteric liquid crystal (CLC) material that selectively reflects only right-handed circularly 
polarized light for all wavelengths. The compensating layer 360 may be provided as a biaxial 
film for widening a viewing angle and improving a display quality of the transmissive LCD 
device incorporating the cholesteric liquid crystal color filter (CCF) layer 312. According to 
the principles of the present invention, the compensating layer 360 may not change the phase of 
light and may be omitted by adjusting a parameter of the bend cell. The cholesteric liquid 
crystal color filter (CCF) layer 312 may, for example, include first and second sub-CCF layers 
312a and 312b, respectively, for reflecting only left-handed circularly polarized light having 
wavelengths corresponding to green and blue colors, respectively. The layer of liquid crystal 
material 390 may be provided to exhibit a bend stmcture in the presence of an applied voltage 
greater than a threshold voltage. In one aspect of the present invention, the layer of liquid 
crystal material 390 may be driven between a minimum voltage and a maximum voltage. In 
one aspect of the present invention, the maximum voltage may be greater than a threshold 
voltage of the layer of liquid crystal material. In one aspect of the present invention, the 
minimum voltage may be substantially equal to the threshold voltage of the layer of liquid 
crystal material required to induce the aforementioned bend structure. In another aspect of the 
present invention, the layer of liquid crystal material 390 may have a first retardation value of 
3X/4 in the presence of the applied minimum voltage and a second retardation value of V4 in 
the presence of the applied maximum voltage. The second polarizing plate 362 may be 
provided as a linear polarizer having a polarization axis of about 0°. 

[0080] Referring now to Figure lOA, of the non-polarized light emitted by the backlight 
unit 380 and incident to the first polarizing plate 320, right-handed circularly polarized light 
may be selectively reflected such and only left-handed circularly polarized light of all 
wavelengths may be transmitted by the first polarizing plate 320. The CCF layer 312, 
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including the first and second sub CCF layers 312a and 312b, then may selectively reflect only 
the incident left-handed circularly polarized light having wavelength ranges corresponding to 
green and blue colors. Accordingly, only left-handed circularly polarized light having a 
wavelength range corresponding to the color red may be transmitted by the CCF layer 312. 
Since the layer of liquid crystal material 390 has the first retardation value of 3V4 in the 
presence of the applied minimum voltage (i.e., V= Vmin; the threshold voltage), the left-handed 
circularly polarized light having the wavelength range corresponding to the color red may be 
converted into red linearly polarized light having a polarizing angle of about 90"^ via the layer 
of liquid crystal material 390. Further, since the second polarizing plate 362 may be provided 
as a linear polarizer having a polarization axis of about 0^, the red linearly polarized light 
having the polarizing angle of about 90° may not be transmitted by the second polarizing plate 
362. Accordingly, the transmissive LCD device may be maintained in a black state. 

[0081] Referring now to Figure lOB, of the non-polarized light emitted by the backlight 
unit 380 and incident to the first polarizing plate 320, right-handed circularly polarized light of 
all wavelengths may be selectively reflected and only left-handed circularly polarized light of 
all wavelengths may be transmitted by the first polarizing plate 320. The CCF layer 312, 
including the first and second sub CCF layers 312a and 312b, may then selectively reflect the 
incident left-handed circularly polarized light having wavelength ranges corresponding to green 
and blue colors. Accordingly, only left-handed circularly polarized light having a wavelength 
range corresponding to the color red may be transmitted by the CCF layer 312. Since the layer 
of liquid crystal material 390 has the second retardation value of X/4 in the presence of the 
applied maximum voltage (i.e., V=Vmax), the liquid crystal layer 390 may convert the left- 
handed circularly polarized light transmitted by the CCF layer 312 into red linearly polarized 
light having a polarizing angle of about 0°. Further, since the second polarizing plate 362 is 
provided as a linear polarizer having a polarization axis of about 0°, red linearly polarized light 
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having the polarizing angle of about 0^ may be transmitted by the second polarizing plate 362. 
The optical driving principles described above with respect to red light may be similarly 
appUed to wavelengths of light corresponding to green and blue colors, or other colors. 
Accordingly, the transmissive LCD device of the present invention may maintain a white state 
by combining the reflected red, green, and blue light. 

[0082] The reflective and transmissive LCD devices of the present invention may 
incorporate a layer of liquid crystal material having retardation values substantially identical to 
those of related art broadband QWP retardation plates (e.g., 3 V4 and A/4). Accordingly, the 
LCD devices of the present invention may maintain black and white states without the use of 
the aforementioned related broadband QWP retardation films. Since such related art 
retardation films are not used, problems related to device reliability due to shrinkage and 
distortion of retardation films may be avoided. Moreover, response time and viewing angle 
characteristics of the LCD device of the present invention may be improved over the 
aforementioned related art LCD devices. 

[0083] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the method of manufacturing a liquid crystal display device of the 
present invention without departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover the modifications and variations of this invention 
provided they come within the scope of the appended claims and their equivalents. 
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